Self-demand or self-regulatory feeding has been described for full-term infants from birth,8"0"' and for prematurely born infants after discharge from the hospital.! It had been our custom at the Colorado General Hospital to employ self-regulatory feedings for many premature infants during the last few days of their hospital stay, if the nurses' and doctors' contacts with the mothers indicated the feasibility of this regime upon discharge of the infant. It was hoped that this might decrease some of the behavioural problems apt to arise in premature infants subject to the highly restrictive routines of the nursery.8 9 l' Because adequate, interested nursing service was available, self-regulation of feedings was then extended to younger infants in the premature nursery.
The present report is concerned with some of the results of this attempt. Two types of data are presented. One is an analysis of the records of twenty infants who did well. The second consists of case reports of five infants for whom the method was not successful. No attempt has been made to determine the relative incidence of successes and failures for reasons which will be discussed below. SUBJECTS AND METHODS Analysis of feeding charts Records have been analyzed for twenty healthy infants (six male and fourteen female) born prematurely in the Colorado General Hospital or transferred to its Premature Infant Centert because of inadequate facilities for proper care at the place of birth. Birth weights ranged from 1.30 to 2.27 kg. The mean weight at the beginning of observations was 1.90 kg. (range 1.55 to 2.21) and the mean age at the beginning of observations was seventeen days (range two to forty-five days). Only infants for whom at least eight days of study were available for analysis are included. The mean number of days of observation was fourteen (range eight to twenty-five).
Infants were chosen for trial on a self-regulatory feeding regime on the basis of the nurses' reports that they were vigorous, sucked well, and were able to cry, and to maintain good color and stable body temperature without oxygen therapy or external sources of heat. The signs of hunger recognized by the nurses are described as the following:
(i) Sucking on the fists.
(ii) Excessive movement, especially wriggling motions whereby the infant propelled himself to the head end of the bassinet.
(iii) Crying, the character of which varied from infant to infant when it signified hunger. When an infant exhibited these signs of hunger, he was picked up and fed in the nurse's arms with frequent periods of "burping" during the feeding. In the experience of these nurses few infants exhibited signs, due to soiled or wet diapers, which might be confused with hunger.
All persons directly concerned with the feeding of the infants were either nurses with long experience in the care of premature infants or graduate and undergraduate student nurses and nurses' aides under the close supervision of instructing supervisors. A definite attempt was made to employ as staff nurses only those who had a sincere interest in the handling of young infants. The duties of the nursing personnel were solely in the nurseries. Medical care was given by pediatric residents under the supervision of two members of the pediatric attending staff.
The feeding mixture used in this study is high in protein and low in fat, essentially that described by Powers."1 l As prepared for this study, it consisted of 18 grams of powdered, partially skimmed cows' milk (Alacta) and 12 grams of Dextrimaltose with water added to make 150 cc.; it supplied approximately 0.8 Calories per cc. The feeding mixtures were prepared with terminal sterilization in a central formula kitchen adjacent to the nursery. In addition, each infant received daily a water-soluble polyvitamin dispersion.
RESULTS
The results are presented in Tables 1 and 2 and Figure 1 . The mean daily weight gains ranged from 12.0 to 18.3 grams per kg. with the exception of one infant (C-16), who was permitted self-regulation at the age of two days and whose mean daily weight gain was 9.0 grams per kg. The average of the mean weight gains was 14.2 grams per kg. per day, corresponding to an average total daily gain of 30 grams. Such weight gains may be considered satisfactory by comparison with rates of gain in utero during the last months of pregnancy,"l' and by customary standards of extrauterine weight gain.
The average of the mean daily caloric intakes of the infants permitted to choose the amounts of their feedings averaged 119 Calories per kg., virtually the same as that determined in a metabolic study.' The wide range of the means, from 85 to 150 Calories per kg. per day, and of the coefficients of variability-from 7 to 29%, stresses the need for individualization in feeding infants. ' In Table 2 , data are presented on the frequency of feedings, the length of the intervals between feedings, and the maximum variation for each infant fat.' The infant continued, however, to lose weight for five more days, and on September 18, age sixteen days, he was taken off demand regime because of failure to gain adequately. During this time the full-term nursery was crowded and several staff nurses were absent. The reports were that the baby did cry when hungry but by the time a nurse could find time to feed him, he would be asleep and since he was on self-regulation he was not awakened for feeding. It was estimated that he awoke about every three hours. He developed sore buttocks in the absence of loose stools, and slight excoriation of knees and face, indicating inadequate nursing care. Repeated physical and laboratory examinations failed to reveal evidence of illness. He was sent home weighing 2.19 kg. on September 20, the eighteenth day of life, on recommendation of the resident, who noted: "Believe this baby will do better at home where he can have more TLC (tender loving care)." The adoptive mother returned with him to clinic after four days with the report: "Oh, he was hungry. He ate every three hours during the day and about every two hours at night." The actual number of feedings did not, however, exceed eight to nine per 24 hours. The interval increased to three to four hours after one week. He gained 250 grams during the first four days at home. E. G., white female, CGH $36298, was born July 13, 1951, weighing 1.35 kg., and was admitted with her twin to the Premature Center on the day after birth. On July 20, the nurses noted some difficulty with feeding. "Frequent coughing with feeding. Ate well. Hungry. Regurgitated 2 cc. formula with mucous." Subsequent feedings on that day were taken well, and it was noted: "Hungry a.c. Ate well." By July 23, she had regained her birthweight, and was taking 155 cc. per kg. per day. The resident noted: "Seems vigorous and takes nipple well."
On July 26, because she was hungry and cried so much, self-regulatory feedings were started, even though coughing occurred with feedings. The nurses noted: "Ate well, but seems to choke easily." On July 27, she took 190 cc. per kg. Two of the five feedings were taken well, but it was noted for the others: "Coughed with emesis of large amount of curdled milk." On July 30, she received 230 cc. per kg. Choking and coughing occurred with every feeding. Regurgitation was noted frequently after August 3. Repeated physical examinations and laboratory studies which included fluoroscopy with a barium swallow failed to reveal any abnormality. On August 15, the fluid intake per feeding was restricted to 60 cc., a total of 180 cc. per kg. per day, and from August 16 until discharge, on August 25, there was only one note of coughing or gagging with feeding, and only twice was regurgitation recorded. Her total intake was high, approximately 200 cc. per kg. per day, because there were six to seven feedings in 24 hours (instead of the four to five on unrestricted quantities).
The resident noted just before discharge: "Ready to go home after mother has fed her one or two times. May have to be discharged on restricted amount and flexible time schedule." Case 5. Failure in an infant with congenital heart disease because of cardiac decompensation precipitated by increased intake. D.J.S., white male, CGH $12428, was born July 11, 1949, weighing 1.62 kg., and was transferred to the Premature Center on July 25 with his twin. At birth a harsh systolic murmur had been heard. On August 9 a diagnosis of coarctation of the aorta and possibly an additional cardiac defect was made. He became increasingly cyanotic after feedings, necessitating oxygen, but there was no enlargement of the liver, nor were rles heard in the chest. Because of nurses' notes such as: "Took nipple well. Acts hungry p.c. Awake and fussing," it was felt that he might be more contented, with resultantly less cyanosis, if feedings were given on self-demand. These were begun on August 16. The volume per feeding increased from 45 to 75 cc. and he seemed satisfied during the next few days. On August 23, his intake was 220 cc. per kg. He gained 200 grams the next day, and the nurses reported: "Ate well, respiration rapid, hands and feet seem edematous." Edema, tachypnea, and tachycardia led to the diagnosis of heart failure. On August 25 his intake was restricted, mercuhydrin was given and "copious voiding resulted, with loss of 150 grams in weight and marked decrease of the pitting edema." He was placed on a feeding mixture of which the base was partially low NaCl milk (Lonalac), and no further unusual weight gain or edema was recorded. He was nottried on demand feedings again, but because he cried a great deal, solid foods were added, and flexibility in the prescribed feedings gave him inter-vals of 3 to 4¼2 hours between feedings. He was discharged October 2, 1949 weighing 3.88 kg. at 83 days of age.
COMMENT
What are the conditions which make feasible the use of self-regulatory feeding regimen for premature infants in the nursery? These will be discussed under three headings: (a) the feeding mixture, (b) the infant's vigor and the nursing service, and (c) the medical supervision. The attitude of the mother is not a factor in the highly artificial surroundings of the usual premature nursery, but is, of course, a crucial consideration on discharge of the infant.
If a self-regulatory schedule is to be tried, then the feeding mixture must be one which is qualitatively adapted to the premature infant's needs and which will consistently produce a satisfactory weight gain. A low fat, high protein mixture meets these specifications" ' and is recommended for the infant who, because of small size, will be placed in a nursery under isolation precautions which will prevent his being suckled by his mother.
With such a feeding mixture, one may attempt to determine whether the infant's appetite will serve as a satisfactory guide to the quantities necessary to produce adequate weight gain as well as contentment. This attempt presupposes that the infant be vigorous and able to make his hunger apparent, and that the nurses be qualified by long experience and interest in newborn infants as individuals. In the present study, relatively consistent nursing judgment both in choice of infants for the study and in interpretation of the signs of hunger were probably partially responsible for the relative constancy in the number of feedings (Table 2) . It did not, however, prevent failures such as those described in Cases 1, 2, and 4.
The nurses reported no increase in their work when feeding infants on a self-regulatory regime. On the evening and night shifts, when the ratio of personnel to infants was low, the nurses reported less tension than from attempts to meet an arbitrary schedule which was never kept because of the impossibility of feeding all the infants at the time designated in the doctor's orders. In a premature nursery service usually close to its capacity of twenty beds, the nurses reported comfortable efficiency when approximately half the babies were on a fixed schedule and half on self-regulation.
The proportion of infants for whom self-regulatory feedings proved effective depended particularly on the pediatric resident rotating through the nursery service every two months. Since the whole procedure is considered experimental and since its purpose is to teach respect for individuality of the infants, it was not deemed proper to foist the views of the authors on the residents. This would have smacked of what has been termed, "rigidness about being flexible."' Some residents were quite content to allow a premature infant to be fed as much or as little, and as often as demanded, so long as the infant's physical condition and weight gain were satisfactory. An occasional resident, either because of previous pediatric training or his own anxieties, was hesitant to permit self-regulation by the infant. It usually took a resident from two to four weeks to learn to trust the nurses' judgment about the feasibility of trying self-regulatory feedings. The situation was frequently complicated by the fact that he was simultaneously ordering the feeding schedules for several small infants, too weak to suck or swallow, and for them the emphasis was on not exceeding their ability to retain the amounts gavaged. With increasing experience and faith in the nurses, came a willingness to relax the schedules for the more vigorous babies, and this sometimes led to premature enthusiasm, soon corrected by a failure or two.
Data are not available as to the attitudes of the mothers of the twenty infants for whom hospital records are herein reported, because all but three were followed by private physicians after discharge from the hospital. In general, it has been found that most parents seemed relieved to learn that their premature babies could be fed on a self-regulatory regime at home. Many mothers stated in the clinic that they had fed previous infants this way regardless of what their physicians instructed them. Another mother reported feeding her infant for 15 to 30 minutes every one or two hours. It is in this background that "chronic resistance to sleep" may easily develop.' On the other hand, one mother who said she fed her infant when he was hungry further stated, "I work it so that I feed him about 10:00 or 11:00 P.M., before we go to bed, so that I can get some sleep." Such a procedure, based on mutual respect for individuality, seems a reasonable practice. SUMMARY 1. Twenty prematurely born infants, vigorous enough to express signs of hunger, were permitted to regulate the amounts and intervals of their feeding under careful nursing and medical supervision. The feeding mixture used consisted of powdered, partially skimmed cows' milk fortified with Dextrimaltose and diluted with water to give a low fat, high protein mixture containing 0.8 Calories per cc. The mean daily caloric intakes for periods of from 8 to 25 days ranged from 85 to 150 Calories per kg. of body weight and averaged 119. The mean daily weight gains, with one exception, ranged from 12.0 to 18.3 grams per kg. and averaged 14.2. The corresponding average total daily gain was 30.0 grams. The mean number of feedings per day was with one exception five to six. The minimum number of feedings per day for the individual infants was three, four, or five; the maximum number was five, six, or seven. Minimum intervals between feedings ranged from Y2 to 4y2 hours; maximum intervals ranged from 5 to 15
hours. The maximum differences in amounts of individual feedings in any one day ranged from 20 to 70 cc. and averaged 40 cc. Use of self-regulatory feeding permitted introduction of the concept of respect for individuality, both of infants and of personnel, into the nursery for premature infants.
2. Five case reports illustrating some causes for failure of self-regulatory feeding were presented. These included inadequate intake because of nursing shortage or too early trial, and excessive intake which led to regurgitation or loose stools. CONCLUSIONS With qualified, interested nursing service, careful medical supervision, and a proper feeding mixture, self-regulatory feeding may be tried for vigorous premature infants. If successful, satisfactory weight gains will result and psychological benefit should accrue for those infants deprived of an opportunity to suckle from their mothers. Experience with large numbers of infants in an adequately staffed nursery is necessary to permit trial of the method.
